Abstract-In this paper, an aproximate analytical method called the differential transform method (DTM) is used as a tool to give approximate solutions of nonlinear oscillators with fractional nonlinearites. The differential transformation method is described in a nuthsell. DTM can simply be applied to linear or nonlinear problems and reduces the required computational effort. The proposed scheme is based on the differential transform method (DTM), Laplace transform and Padé approximants. The results to get the differential transformation method (DTM) are applied Padé approximants. The reliability of this method is investigated by comparison with the classical fourth-order Runge-Kutta (RK4) method and Cos-AT and Sine-AT method. Our the presented method showed results to analytical solutions of nonlinear ordinary differential equation. Some plots are gived to shows solutions of nonlinear oscillators with fractional nonlinearites for illustrating the accurately and simplicity of the methods.
INTRODUCTION
The modified differential transform method (MDTM) will be employed in a straightforward manner without any need of linearization or smallness assumptions. DTM was first applied in the engineering domain by [1, 2] . DTM provides an efficient explicit and numerical solution with high accuracy, minimal calculations, avoidance of physically unrealistic assumptions. However, DTM has some drawbacks. By using DTM, we obtain a series solution, in practice a truncated series solution. This series solution does not exhibit the periodic behavior which is characteristic of oscillator equations and gives a good approximation to the true solution in a very small region. In order that improve the accuracy of DTM, we use an alternative technique which modifies the series solution for non-linear oscillatory systems as follows: we first apply the Laplace transformation to the truncated series obtained by DTM, then convert the transformed series into a meromorphic function by forming its Padé approximants [3] , and finally adopt an inverse Laplace transform to obtain an analytic solution, which may be periodic or a better approximation solution than the DTM truncated series solution. Ebaid [6] have developed a so-called Cosine-AT and Sine-AT method for solutions of nonlinear oscillators with fractional nonlinearites.
The aim of this paper is to extend the differential transformation method proposed by Zhou [1] to solve nonlinear oscillators with fractional nonlinearites. The results of the modified differential transformation method are numerically compared with conclusions acquired by Cosine-AT and Sine-AT method and the fourth-order Runge-Kutta method. The MDTM is benefical to obtain exact and approximate solutions of linear and nonlinear oscillations equations. No necessity to linearization or discretization, large computational work and round-off errors is avoid. It has been used to solve efficiently, easily and accurately a large class of nonlinear problems with approximations. These approximations converge rapidly to exact solutions [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [24] [25] [26] [27] [28] .
DIFFERENTIAL TRANSFORM METHOD
As in [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [24] [25] [26] [27] [28] . the basic definition of the differential transformation method are gived as follows: Differential transform of function () yt is defined as follows:
where () yt is the original function and   Ykis the transformed function, which is also called the T-function. In this paper, the lowercase and uppercase letters represent the original and transformed functions respectively.
The inverse differential transform of   Ykis defined as:
Combining Eqs. (1) and (2), we obtain:
From the definitions (1) and (3), it is easy to obtain the following mathematical operations: Table 1 The fundamental operations of the differential transformed method  Original function Transformed function 
The method of Padé requires that () fx and its derivative be continuous at 0 x  . The polynomials used in (4) are 
And from the difference ( ) ( ) ( ) ( ) :
The lower index 1 j N M    in the summation on the right side of (8) is chosen because the first NM  derivatives of () fx and , ()
NM
Rx are to agree at 0 x  . Equating the coefficients of the powers of k x are set equal to zero for 0,1, 2,..., k N M  , we obtain a system of linear equations. Maple can be used to solve these linear equations.
APPLICATIONS
In this section, we will apply the differential transformed method to nonlinear oscillators with fractional nonlinearites.
Example 1
Consider the nonlinear differential equation [20] 
with the initial conditions
then we take a differentiation of   fu with respect to t to obtain 2 2.
Now, the application of the differential transform to Eq. (9), (10) and (12) give the following recurrence relations for 0:
Using these recurrence relations by taking 6 N  , we obtain a system of algebraic equations for 0,..., 4 k  . By solving this equations fort pense he values (2) , (3),..., (6) U U U by using MAPLE, we get 
Solution 
Now, the application of the differential transform to Eq. (23), (24) and (26) give the following recurrence relations for .
Using these recurrence relations by taking 11 N  , we obtain a system of algebraic equations for 0,...,9 k  . By solving this equations fort pense he values .2515875810*10 sin(3.448412631t)-.02550319495sin(1.50353282t)
.2515875810*10 sin(3.448412631t)-.02550319495sin(1.50353282t) +.6722110609sin(.5032022717t)
Example 3
Consider the relativistic harmonic oscillator [22] 
then we take a differentiation of   fu with respect to t to obtain 768
Now, the application of the differential transform to Eq.(37), (38) and (40) give the following recurrence relations for 0:
Using these recurrence relations by taking 6 N  , we obtain a system of algebraic equations for 0,..., 4 k  . By solving this equations fort pense he values of (2) , (3),..., (6) U U U by using MAPLE, we get Comparison of the modified approximate solutions for Eq.(9), Eq. (23) and Eq.(37) and the solutions obtained by the fourth-order Runge-Kutta method in Fig. 1, Fig. 2 and Fig. 3 show that the modified DTM greatly improves the differential transform truncated series in the convergence rate and the accuracy. 
CONCLUSIONS
In this article, the application of differential transform method was extended to obtain approximate analytical and numerical solutions of nonlinear oscillators with fractional nonlinearites. The differential transform method generates the Taylor series of the exact solution. For the oscillatory systems, Laplace transformation of the differential transform series solution has some specific properties, so we applied Laplace transformation and Pade´ approximant to obtain an analytic solution and to develop the accuracy of differential transform method. The modified DTM is an efficient method for calculating periodic solutions of nonlinear oscillators with fractional nonlinearites. It is seen from the results of the modified DTM, Sine-AT and Cosine-AT techniques and the results of the fourth-order Runge-Kutta(RK4) solution that rate of convergence and accuracy of the modified DTM is very good.
